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INTRODUCTION 


PURPOSE. 

The  purpose  of  this  program  Is  the  development  of  a small-scale  test  apparatus 
for  comparison  of  the  flammability  of  modified  fuel  sprays.  Demonstrating  the 
feasibility  of  scaling  down  the  fuel  breakup  process  Is  a prerequisite  to  design- 
ing a small-scale  test.  This  Interim  report  describes  the  design  of  a unique 
photographic  chamber  for  the  feasibility  demonstration,  presents  a small-scale 
atomization  technique,  and  presents  photographic  evidence  for  the  validity 
of  the  technique. 

BACKGROUND. 

Extensive  full-scale  and  large-scale  tests  have  been  conducted  on  flammability 
of  sprays  of  antimisting  fuel  (references  1,  2,  and  3).  These  large-scale 
tests  are  heavy  consumers  of  manpower,  equipment,  and  time.  Generally,  large- 
scale  tests  are  limited  in  their  control  of  test  conditions  where  factors  such 
as  wind  and  ambient  temperature  have  an  adverse  effect  on  repeatability.  In 
addition,  large  amounts  of  fuel  sample  are  required,  while  the  availability 
of  these  prototype  fuels  is  limited.  Small-scale  tests  offer  significant 
advantages,  provided  that  sprays  retain  the  characteristics  found  in  larger 
scale  tests. 

The  majority  of  relevant  laboratory-scale  tests  have  been  directed  at  studies 
of  fine  sprays  of  Newtonian  fuels  (references  4,  5,  and  6).  The  methods  of 
spray  generation  (condensation,  ultrasonic  atomization,  and  pressure  atomiza- 
tion) are  not  designed  to  produce  the  coarse,  nonspherlcal  particles  that  are 
characteristic  of  antimisting  fuel  breakup  in  an  airstream  (reference  3).  In 
addition,  the  scale  of  laboratory  experiments  is  generally  too  small  to  accom- 
modate the  particle  sizes  produced  by  antimisting  fuels. 

EXPERIMENTAL  OBJECTIVE. 

The  experimental  objective  was  to  develop  a facility  that  would  require 
minimum  fuel  sample  size  and  manpower  expended,  while  providing  fuel  sprays 
similar  to  those  observed  in  larger  scale  tests.  In  addition,  the  requirements 
included  capability  of  spark  photography,  remote  operation,  and  controlled 
air  and  fuel  flow  rates.  The  experimental  facility  also  needed  the  flexibility 
to  handle  varying  spray  sources,  as  there  was  initial  uncertainty  as  to  the 
number  of  trial  configurations  needed  before  simulation  was  achieved. 
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DESIGN. 

Figure  1 shows  an  overall  photograph  of  the  fuel  spray  photographic  chamber. 
Figure  2 shows  a top  view  sketch  of  the  chamber  interior.  The  chamber  is 
an  8-foot  by  8-foot  metal  chamber  with  a 5-foot  frontal  depth  increasing 
to  6 1/2  feet  at  the  rear.  A fuel-air  mixture  is  fed  to  the  chamber  through 
a 1-inch  inner  diameter  pipe.  Dilution  air  is  provided  by  twin  ducts  fed 
parallel  to  the  fuel  pipe.  The  fuel  and  air  then  pass  into  an  exhaust  duct 
within  the  chamber.  Provisions  for  photography  include  90°  double  bends  in 
the  ductwork,  covers  for  the  observation  windows,  black  painted  interior, 
and  caulked  seams  throughout. 

The  role  of  the  diluent  air  is  two-fold.  By  passing  diluent  over  the  photo- 
graphic components,  deposition  of  liquid  fuel  drops  is  minimized.  Also,  since 
the  blower  is  located  upstream  of  the  chamber,  there  is  a slight  overpressure 
in  the  test  area  during  operation.  As  a result,  the  diluent  air  entrains  the 
fuel  spray  into  the  exhaust  duct.  This  prevents  troublesome  buildup  of  fuel 
drops  in  recirculation  eddies  caused  by  jet  shear.  Upstream  blower  location 
also  prevents  ignition  of  fuel  by  the  blower  as  would  be  possible  if  the  blower 
were  positioned  in  the  exhaust  duct. 

Figure  3 shows  the  front  of  the  chamber.  The  blower  is  a 950  cubic  feet  per 
minute  axivane  fan  (Joy  Manufacturing  model  AVR  90-70D926) . Also  visible  is 
the  12-lnch  circumferential  bleed-off  slide.  Immediately  behind  the  blower. 
Included  in  figure  3 are  the  control  solenoids  for  the  oxygen-acetylene  igni- 
tion torch,  the  fuel  control  solenoid  valves,  the  atomization  air  pipe,  and 
the  tie-in  for  the  carbon  dioxide  (CO2)  extinguishing  system.  Figure  4 shows 
the  air  supply  system  for  the  atomization  pipe.  Air  from  a facility  storage 
tank  passes  through  a gate  valve  and  then  through  a Flodyne  valve  (model  15D153) 
prior  to  passage  through  a 1-inch  flexible  hose  to  the  air  atomization  pipe. 

A gate  valve  at  the  start  of  the  atomization  air  pipe  allows  for  presetting 
the  airflow  rate.  The  atomization  pipe  is  57  Inches  long  to  ensure  fully 
turbulent  flow  at  its  exit. 

The  spray  system  and  igniter  are  shown  in  figure  5.  The  fuel  enters  the  atomiz- 
ation pipe  through  a 1/4-inch  tube  and  enters  the  air  parallel  to  the  flow  and 
in  the  same  direction.  The  fuel-air  mixture  is  decelerated  in  a cone  of 
13-lnches  length  and  4-inches  diameter  at  the  exit.  Oxygen  and  acetylene 
are  supplied  through  1/8-lnch  stainless  steel  tubing  and  injected  side  by  side 
to  produce  a steady  ignition  source  downstream  of  the  deceleration  cone.  The 
oxygen  and  acetylene  are  remotely  ignited  by  electrodes  attached  to  a single 
spark  transformer  (Jefferson  Electric  model  638-521-116).  In  the  foreground 
of  figure  5 is  the  optical  bench  used  for  mounting  the  photographic  equipment. 
Also  visible  is  one  of  the  stroboscopic  lights  used  in  photographic  determina- 
tion of  droplet  trajectory  and  velocity.  The  oxygen-acetylene  torch  serves 
as  an  ignition  source  in  ignitablllty  tests  of  the  modified  fuels,  and  it 
has  the  ability  to  serve  as  a flameholder  for  measurement  of  flame  speeds. 
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Chamber  safety  features  Include  remote  operating  capability,  a 36-by-lO-inch 
blowout  panel  in  the  roof,  and  a redundant  CO2  extinguishing  system.  After 
the  fuel  and  air  are  turned  OFF,  residual  fuel  may  continue  occasionally  to 
burn  in  the  exhaust  duct.  A short  burst  of  CO2  from  a 50-pound  bottle  in  the 
control  room  will  usually  extinguish  this  duct  fire.  An  additional  50-pound 
CO2  bottle  is  tied  to  the  chamber  roof.  In  the  event  of  fire  in  the  lower 
chamber  areas,  the  roof  system  can  quickly  flood  the  whole  chamber. 

CONTROLS. 

Figures  6 and  7 show  views  of  the  control  apparatus.  Tests  are  monitored 
by  means  of  a video  camera  located  in  the  spray  chamber.  Fuel  flow  is  con- 
trolled by  pressurization  of  the  fuel  cylinder.  The  tank  in  figure  7 acts 
as  a pressurized  reservoir.  Capability  for  temperature  measurement  of  diluent 
air,  fuel,  and  atomization  air  is  provided  by  a strip  chart  recorder  attached 
to  thermocouples.  Separate  ON/OFF  switches  control  atomizer  pipe  air,  oxygen 
and  acetylene,  Ignition  spark,  diluent  air  blower,  and  liquid  fuel  flow.  The 
manometer  in  figure  6 is  connected  to  a pitot  tube  in  the  atomizer  air  pipe. 
This  provides  a convenient  means  of  establishing  a nominal  airflow  rate  and  of 
duplication  of  airflow  from  test  to  test. 

Actual  calibration  of  air  velocities  in  the  photographic  section  is  done  by 
hot-wire  anemometry.  A schematic  of  the  flow  field  3 1/2-inches  downstream  of 
the  torch  tip  is  presented  in  figure  8.  The  nominal  air  atomization  pipe 
velocity  was  200  miles  per  hour  (ml/h).  Due  to  the  offset  of  the  cone  from 
the  chamber  centerline,  there  is  some  distortion  of  the  flow  field.  This 
flow  field  was  mapped  with  zero  fuel  flow. 

PHOTOGRAPHS . 

Figures  9,  10,  11,  and  12  show  photographs  of  fuel  patterns  from  Jet  A,  FM-9 
(Imperial  Chemical  Industries),  FM-4  (Imperial  Chemical  Industries),  and  AM-1 
(Conoco),  respectively.  The  photographs  were  all  taken  11  Inches  downstream 
of  the  deceleration  cone  edge.  The  additives  were  mixed  with  the  neat  fuel 
to  form  the  following  weight  percentages  in  Jet  A:  0.4  percent  FM-4,  and  0.2 
percent  AM-1.  The  FM-9  arrived  from  the  Royal  Aircraft  Establishment  as  0.3 
weight  percent  in  Avtur.  The  nominal  atomization  pipe  air  velocity  was 
200  ml/h  in  the  top  photographs  and  285  mi/h  in  the  lower  photographs.  The 
fuel  delivery  rates  were  approximately  12  cubic  centimenters  per  second  (cm3/s) 
in  these  tests.  What  is  most  apparent  is  the  decreased  particle  size  with 
increased  atomization  air  velocity.  Similarity  of  these  photographs  to  those 
in  reference  3 indicates  that  the  same  mechanism  controls  the  fuel  breakup  in 
this  test  as  in  the  larger  scale  tests  previously  conducted.  It  should  be 
apparent  that  the  fuel  is  accelerated  as  it  leaves  the  fuel  tube  and  is 
decelerated  by  the  air  as  it  passes  through  the  cone. 

Figure  13  shows  a sketch  of  the  test  section  along  with  a photograph  of  the 
oxygen-acetylene  ignition  torch.  Figure  14  shows  photographs  of  ignition 
attempts  in  the  sprays  of  Jet  A,  FM-9,  FM-4,  and  AM-1.  Again,  the  ignit- 
ablllty  and  flame  propagation  are  qualitatively  similar  to  the  observations  in 
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reference  3.  The  Jet  A burns  intensely  throughout  the  spray  cone.  The  AM-1 
shows  a burning  tall.  This  demonstrates  the  ease  of  ignitability  of  the  AM-1 
strands.  However,  the  ease  of  flame  spreading  normal  to  the  burning  tail  is 
not  clearly  defined  at  this  time.  Both  FM-4  and  FM-9  showed  poor  ignitability 
in  these  tests.  The  FM-9  droplets  are  similar  to  the  XD8132.01  (Dow  Chemical) 
droplets  discussed  in  reference  3 . There  are  also  rheological  similarities 
in  the  behavior  of  the  XD8132.01  and  the  FM-9. 

Preliminary  attempts  to  measure  the  flame  speeds  were  made.  The  greatest 
difficulty  involves  Jet  A spray  fires  where  back  scattering  and  reflections 
of  radiation  into  the  unburnt  spray  obliterate  the  flame  front.  A schlieren 
system  can  be  employed  to  provide  clearer  flame  front  definition  in  the 
future . 


CONCLUSIONS 


Comparison  of  the  photographs  from  the  fuel  spray  photographio  chamber  with 
earlier  data  from  the  5-foot  airflow  facility  leads  to  two  conclusions: 

1.  The  breakup  phenomenon  can  be  scaled  down  without  obliteration  of  the 
dominating  rheological  effects. 

2.  This  atomization  technique  provides  a basis  for  the  development  of  a 
go/no  go  bench  scale  test  for  modified  fuel  flammability. 
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figure  1.  FUEL  SPRAY  PHOTOGRAPHIC  CHAMBER 


FIGURE  2.  CHAMBER  SCHEMATIC 


FIGURE  3.  CHAMBER  FRONTAL  VIEW 


FIGURE  4.  ATOMIZATION  AIR  SUPPLY 
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FIGURE  5.  CHAMBER  TEST  SECTION 


MANOMETER! 


1 . 

u 

H^n 

[ I 

^^8 

Hi 

- 

FIGURE  7.  CONTROL  TABLE 
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FIGURE  9.  NEAT  JET  A SPRAYS 
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FIGURE  11.  FM-4  SPRAYS 
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FIGURE  12.  AM-1  SPRAYS 


B.  IGNITED  TORCH 
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FIGURE  13.  TORCH  PHOTOGRAPH  AND  TEST  SECTION  SCHEMATIC 
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